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AUTOMATIC FREQUENCY CONTROLLER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to automatic frequency controllers, 

and more particularly, to an automatic frequency controller 
in use at a receiver‘s side in digital transmission. 

2. Description of the Background Art 
In recent years, in CATV (community antenna television), 

mobile communications etc., which attract a signi?cant 
amount of attention, a frequency converter is generally 
provided in a receiver to downconvert a center frequency of 
a received signal to an intermediate frequency. However, 
since frequency stability of the receiver is not high, auto 
matic frequency control is required. Especially, in multi 
carrier transmission multiplexing of a plurality of modulat 
ing waves in the frequency range, automatic frequency 
control with higher accuracy is required. 
A conventional automatic frequency controller is subse 

quently described referring to FIG. 5 of the drawings. FIG. 
5 is a block diagram showing a structure of the conventional 
automatic frequency controller. In FIG. 5, the conventional 
automatic frequency controller includes a frequency con 
verter 21, an intermediate frequency ampli?cation circuit 32, 
a frequency demodulation circuit 33, an integration circuit 
34 and a local oscillator 35. 
The frequency converter 21 converts a center frequency 

of a received signal to an intermediate frequency. The 
frequency demodulation circuit 33 converts frequency 
deviation of the intermediate frequency signal to voltage 
deviation. The integration circuit 34 integrates the outputted 
voltage of the frequency demodulation circuit 33 to obtain a 
center electric potential of voltage deviation. A local oscil 
lation frequency of the local oscillator 35 corresponds to an 
output from the integration circuit 34 and is provided for the 
frequency converter 21. 

Operation of the conventional automatic frequency con 
troller constructed as described above is subsequently 
described in more detail. 
Assume that the intermediate frequency is varied by Af in 

accordance with ?'equency variation of the local oscillator 
35. The signal of the intermediate frequency varied by Af is 
provided for the frequency demodulation circuit 33 through 
the intermediate frequency ampli?cation circuit 32. The 
frequency demodulation circuit 33 converts frequency 
deviation to voltage deviation. An output from the frequency 
demodulation circuit 33 is provided for the integration 
circuit 34 for integration. This allows a voltage error AV 
where a base band component is suppressed to be obtained 
AV is the voltage error with respect to the frequency error 
Af. The voltage error AV is provided as a control signal for 
the local oscillator 35 to control its oscillation frequency, 
thereby holding the intermediate frequency constant. 

In the above con?guration, however, the performance of 
the automatic frequency controller is signi?cantly in?u 
enced by a characteristic of the frequency demodulation 
circuit 33. Therefore, there has been a problem that a 
temperature characteristic and an elapsed time characteristic 
of the frequency demodulation circuit 33 may degrade 
frequency stability, resulting in a requirement for frequent 
adjustment. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention to provide an 
automatic frequency controller capable of precisely obtain 

10 

25 

30 

35 

45 

55 

65 

2 
ing a frequency error and promptly controlling frequency 
with high accuracy. 
To attain the above object, an automatic frequency con 

troller of the present invention comprises, 
a frequency conversion portion receiving a modulated 

signal including a pilot signal having known phase 
information and a prescribed length'insertecl at a pre 
scribed time interval, and converting a center frequency 
of the modulated signal, 

a pilot signal extraction portion extracting the pilot signal 
in an output from the frequency conversion portion, 

a phase operation portion obtaining a phase of the pilot 
signal extracted by the pilot signal extraction portion, 

a memory portion previously storing a reference phase of 
the pilot signal, 

a phase difference operation portion obtaining a phase 
difference between an output from the phase operation 
portion and an output from the memory potion, 

a frequency error operation portion obtaining a frequency 
error from an output of the phase ditference operation 
portion, and 

a variable frequency oscillation portion controlling an 
oscillation frequency of a frequency signal to be input 
to the frequency conversion portion in response to an 
output from the frequency error operation portion. 

As described above, in the automatic frequency controller 
of the present invention, the phase of the pilot signal inserted 
in the received signal at a constant period and the reference 
phase of the pilot signal previously held in the memory are 
compared to obtain its phase difference, and a frequency 
error is obtained on the basis of the phase diiference. 
Accordingly, as compared with the conventional controller 
obtaining the ?'equency error from received data itself, the 
frequency error can be obtained more accurately. Therefore, 
automatic frequency control of the received signal can be 
promptly performed with high accuracy. 

Considering a noise occurring on a transmission path, a 
phase diiference obtained in the phase difference Operation 
portion is continuously and randomly varied. When a noise 
component is large, frequency control may not catch up with 
the variation of the noise component and unstabilize the 
operation of a frequency control loop. Therefore, frequency 
control may be performed by linear-approximating the out 
put of the phase difference operation portion, disregarding 
the noise component which is superposed on a transmission 
signal on the transmission path. This allows stabilization of 
the frequency control loop. Although the noise occurring on 
the transmission path goes through the frequency conversion 
portion, this noise component can be additionally eliminated 
by a simple noise eliminating circuit (e. g., a high-cut ?lter). 
When there is a nonlinear characteristic in the transmis 

sion path, such as in CATV and mobile communications, its 
amplitude variation varies its phase. In a linear transmission 
path, phase is constant with respect to amplitude variation, 
while in a nonlinear transmission path, phase variation is not 
constant with respect to amplitude variation. Therefore, 
since a phase of a received signal in?uenced by nonlinearity 
on the transmission path is varied by its amplitude variation, 
phase information of the received signal is distorted. On the 
other hand, a phase of a signal having a constant amplitude 
is constant even if the signal is in?uenced by nonlinearity on 
the transmission path. Therefore, phase variation may be 
held constant by using a signal having a constant amplitude 
as a pilot signal. This allows easy extraction of phase 
information even if the received signal is distorted by the 
in?uence of nonlinearity on the transmission path. 



5,734,972 
3 

Moreover. in a preferred embodiment, the phase operation 
portion may obtain a phase by performing an operation for 
determing the arc tangent of the extracted pilot signal. 
These and other objects, features, aspects and advantages 

of the p'esent invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a data structure transmitted 
from a transmitting end to a receiving end. 

FIG. 2 is a diagram showing the relationship of time-to 
frequency of a pilot signal used in one embodiment of the 
[resent invention. 

FIG. 3 is a block diagram showing a structtn'e of an 
automatic frequency controller according to the embodiment 
of the present invention. 

FIG. 4 is a diagram showing an in?uence upon phase by 
amplitude on a nonlinear transmission path. 

FIG. 5 is a block diagram showing the structure of the 
conventional automatic frequency controller. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An automatic frequency controller of an embodiment of 
the {resent invention is subsequently described referring to 
the drawings. 

FIG. 1 shows, a signal that the automatic frequency 
controller of the present embodiment receives; the signal 
transmitted from a transmitting end is subsequently 
described. As shown in FIG. 1, the transmitting end trans 
mits a p'lot signal PS with transmission data. The pilot signal 
PS is insated at a constant time period. 

FIG. 2 is a diagram showing the relationship of time-to 
frequency when a signal which linear-functionally varies in 
response to time variation at a prescribed time period 
(so-called frequency sweep signal) is used as the pilot signal 
PS shown in FIG. 1. 

As shown in FIG. 2, in accadance with time variation 
from -T,/2 to TJZ. the frequency of the pilot signal linear 
functionally varies from —F}2 to F12. The relationship of 
time t to frequency f(t) is represented in the following 
equation (1). 

Time variation d6/dt in phase is represented in the fol 
lowing equation (2). 

mm’) (2) 

Thu'eftxe. phase 0(t) of the pilot signal is represented as 
a function of time in the following equation (3). 

INN! (3) 

IMF/TIM‘ 
9(1) = 

Therefa'e, an amplitude of the pilot signal is taken as a 
constant value A. the pilot signal x(t) is represented in an 
orthogonal space in the following equation (4). 
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According to the above, a signal where its frequency 
linear-functionally varies according to time variation in the 
prescribed time period is easily formed by varying time t in 
the prescribed time period by the equation (4). 

FIG. 3 is a block diagram showing a structure of the 
automatic frequency controller according to the embodiment 
of the present invention. In FIG. 3, the automatic frequency 
controller of the present embodiment includes a frequency 
converter 21. an arc tangent operation circuit 22, a memory 
23, a phase difference operation circuit 24, a linear approxi 
mation circuit 25, a frequency error operation circuit 26, a 
variable frequency oscillator 27, a pilot signal extraction 
circuit 28 and an output terminal 29. 
The frequency converter 21 multiplies a received signal 

by an output from the variable frequency oscillator 27 to 
convert a center frequency of the received signal to an 
intermediate frequency. The pilot signal extraction circuit 28 
examines the correlation between an output from the fre 
quency converter 21 and a basic pattern of the pilot signal 
previously stored therein to extract only the pilot signal from 
the output of the frequency converter 21. The are tangent 
operation circuit 22 performs an operation for determining 
the arc tangent of the pilot signal extracted by the pilot signal 
extraction circuit 28 to obtain a phase of the pilot signal. The 
memory 23 previously holds a reference phase of the pilot 
signal. The phase di?’erence operation circuit 24 determines 
a phase error between the phase of the pilot signal in the 
received signal outputted from the arc tangent operation 
circuit 22 and the reference phase of the pilot signal previ 
ously held in the memory 23. The linear approximation 
circuit 25 linear-approximates an output from the phase 
di?erence operation circuit 24. The frequency error opera 
tion circuit 26 performs an operation for obtaining a fre 
quency error by using an output from the linear approxima 
tion circuit 25. An output from the frequency error operation 
circuit 26 is provided as a frequency control signal for the 
variable frequency oscillator 27. An oscillation frequency of 
the variable frequency oscillator 27 varies in response to the 
output from the frequency error operation circuit 26. The 
output from the frequency error operation circuit 26 is 
provided for the frequency converter 21. An output from the 
frequency converter 21 is provided for a demodulation 
circuit (not shown) through the output terminal 29. 

Operation of the automatic frequency controller of the 
present invention constructed as described above is subse 
quently described in more detail. 
A frequency error Af is between the center frequency of 

the received signal and the oscillation frequency of the 
variable frequency oscillator 27, and when the in?uence of 
the transmission path of the received signal is disregarded, 
a pilot signal Xif(t) in the output from the frequency 
converter 21 is represented in the following equation (5). 

A phase 0if(t) of the pilot signal in the output from the 
frequency converter 21 can be obtained by performing an 
operation for determining the arc tangent of the pilot signal 
Xif(t) by the arc tangent operation circuit 22. which is 
represented in the following equation (6). 

When a phase of the pilot signal previously held in the 
memory 23 is represented as 6(t), an output A6(t) of the 

x(t) (4) II 
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phase difference operation circuit 24 is a difference between 
' the equation (6) and 8(t), which is represented in the 
following equation (7). 

A90) 

According to the equation (7), the output A6(t) from the 
phase dilference operation circuit 24 is a linear function of 
time t. However, A6(t) becomes a linear function of time t 
only when the in?uence of the transmission path of the 
received signal is disregarded, while A0(t) does not become 
a linear function when the in?uence of the transmission path 
is considered. Therefore, the output A6(t) from the phase 
difference operation circuit 24 is taken as a linear function 
for linear approximation in the linear approximation circuit 
25. The slope of the linear function, which is an output from 
the linear approximation circuit 25, is represented in the 
following equation (8). 

(7) 

Therefore, in the frequency error operation circuit 26, the 
frequency error Af with respect to the oscillation frequency 
of the variable frequency oscillator 27 can be obtained by the 
output d8(t)/dt from the linear approximation circuit 25 
based on the following equation (9). 

The frequency error Af obtained as in the above manner 
is inputted into the variable frequency oscillator 27 to vary 
the frequency by Af from the oscillation frequency previ 
ously set, and an output from the variable frequency oscil 
lator 27 is provided for the frequency converter 21, whereby 
the frequency can be rapidly stabilized with high accuracy to 
realize an outstanding automatic frequency controller. 
When the output A6(t) from the phase difference opera 

tion circuit 24 is frequency-controlled without being linear 
approximated, the frequency difference is continuously ran 
domly varied by the noise component superposed on the 
transmission signal on the transmission path. Accordingly, 
frequency control cannot catch up with the variation of the 
noise component and the operation of a frequency control 
loop is unstable. Therefore, in the above embodiment, the 
output A6(t) from the phase ditference operation circuit 24 
is linear-approximated in the linear approximation circuit 25 
to frequency-control disregarding the noise component 
superposed on the transmission signal on the transmission 
path, thereby stabilizing the frequency control loop. In the 
above embodiment, the noise component occurring on the 
transmission path goes through the frequency converter 21. 
This noise component is additionally eliminated by a noise 
eliminating circuit (e.g., high cut ?lter) not shown. 
When there is a nonlinear characteristic in the transmis 

sion path, such as in CATV and mobile communications, its 
amplitude variation varies its phase variation. The relation 
ship between amplitude and phase is shown in FIG. 4. In a 
linear transmission path, phase is constant with respect to 
amplitude variation, while in a nonlinear transmission path, 
phase variation is not constant with respect to amplitude 
variation. Therefore, since a phase of the received signal 
in?uenced by nonlinearity on the transmission path is varied 
by its amplitude variation, phase information of the received 
signal is distorted. On the other hand, the phase of a signal 
having a regularly constant amplitude is constant even if the 
signal is in?uenced by nonlinearity on the transmission path 
(point (A, PA) in FIG. 4, for example). Therefore, use of a 
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signal having a constant amplitude as a pilot signal allows 
phase variation to be constant and the phase information to 
be easily extracted even if the amplitude of the received 
signal is distorted by in?uence of nonlinearity on the trans 
mission path. These effects are enabled if the amplitude of 
the pilot signal is constant. Therefore, use of a signal having 
a constant amplitude and known phase information (a signal 
having a constant frequency, for example) may also enable 
the same effects. 

The are tangent operation circuit 22, the phase diiference 
operation circuit 24, the linear approximation circuit 25 and 
the frequency error operation circuit 26 can be easily real 
ized by a digital signal processor (DSP), which allows more 
stable operation, as compared with the frequency modula 
tion circuit 33 (FIG. 5) in the conventional automatic 
frequency controller. 

While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modi?ca 
tions and variations can be devised without departing from 
the scope of the invention. 
What is claimed is: 
1. An automatic frequency controller comprising: 

frequency conversion means for converting a center fre 
quency of a received modulated signal into an inter 
mediate frequency, the received modulated signal hav 
ing a pilot signal inserted therein at a prescribed time 
interval, the pilot signal having known phase informa 
tion and a prescribed length; 

pilot signal extraction means for extracting the pilot signal 
in an output from said frequency conversion means; 

phase operation means for obtaining a phase of the pilot 
signal extracted by said signal extraction means; 

memory means for storing a reference phase of the pilot 
signal; 

phase difference operation means for determining a phase 
difference between an output from said phase operation 
means and an output from said memory means; 

frequency error operation means for determining a fre 
quency error from an output from said phase difference 
operation means; and 

variable frequency oscillation means for controlling an 
oscillation frequency of a frequency signal to be input 
to said frequency conversion means in response to an 
output from said frequency error operation means. 

2. The automatic frequency controller according to claim 
1, further comprising 

linear approximation means for linear-approximating the 
output from said phase difference operation means: 
wherein 

said frequency error operation means determines a fre 
quency error from an output from said linear approxi 
mation means. 

3. The automatic frequency controller according to claim 
1, wherein a signal having the known phase information and 
a constant amplitude is used as the pilot signal. 

4. The automatic frequency controller according to claim 
3, wherein said phase operation means performs an opera 
tion for determining the arc tangent of the pilot signal 
extracted by said pilot signal extraction means to obtain the 
phase of the pilot signal. 

=l= * * * * 


